Introduction: Pain reduction is a benefit that comprehensive treatment of myalgic temporomandibular disorders can provide. Myalgic pain reduction is associated with a series of changes at the neurophysiological level, which are inseparably connected with psychoemotional and cognitive changes. It has not been established if the course of these changes is the same for chronic myofascial pain in temporomanibular disorders as it is for other types of chronic pain. Objectives: The present study examined changes in cognitive functioning among patients with myofascial pain before and after three months of prosthetic treatment supplemented with psychoeducational and physiotherapeutic therapy. Material and methods: Participants were 45 patients, 23 were people with painful myofascial temporomandibular disorders and 22 were people with disorders of the same type who did not complain about pain symptoms. Statistical analysis included group comparisons of verbal learning, perceptiveness, attention, verbal fluency, immediate and working memory as well as selected executive functions measured with a number of psychological tests and neuropsychological clinical trials. Results: Analyses based on two-sided dependent samples t-tests as well as the Fisher's LSD tests conducted in the analysis of variances showed therapeutic effects, both, with reference to chosen spheres of cognitive functioning, which initially differentiated the control and research groups, as well as the ones which did not differentiate these two groups.
INTRODUCTION

NEUROPHYSIOLOGY OF CHEWING ORGAN
The system of chewing organ is an incredibly complex morphological and functional unit that consists of teeth, teeth suspension system, mandibular joints, ligaments, and muscles. Among the latter ones, the following group of muscles can be differentiated: masseters, suprahyoid muscles, infrahyoid muscles, facial muscles, tongue muscles, and soft palate muscles. Each of them is innervated by cranial nerves (trigeminal nerve -V, facial nerve -VII, tongue and throat nerve -IX, vagus nerve -X) and spinal nerves (C1-C4) with parasympathetic fibers within cranial nerves. These nerves include afferent nerve fibers (attracting impulses from receptors to central nervous system) as well as efferent nerve fibers (conducting impulses to muscles). Properly shaped system of chewing organ allows mutual and synchronic cooperation of all those elements, coordinated by efficiently functioning nervous system.
As showed in a research [1] , only such cooperation has beneficial impact on the work of neuro-anatomical structures, increasing the blood flow to somatosensory cortex, motor cortex, insula, striatum, thalamus, and cerebellum. Briefly, these fields are jointly responsible for analysis, control, and integration of sensory and motor functions. The thalamus itself plays an essential role in attention processes and controlling access of sensory data, and is included in limbic system responsible for controlling memory processes, steering motivation, and regulation of emotional activity. The cerebellum, however, is important for efficient executive functioning [2] [3] [4] , language [5] , sight-spatial [6] , memory (concerning procedural memory that is automation of cognitive functions [7] , operative memory [8, 9] , and long-term memory [10] ) as well as emotions and personality [11] [12] [13] [14] [15] .
Research results are, therefore, not surprisingly indicating that properly shaped chewing mechanism, starting chewing system before cognitive task, increases the level of oxidized blood (BOLD) in neuro-anatomical structures relevant in cognitive functions important for every day functioning [16] [17] [18] [19] [20] . Functional observations, which are taking place during performance of cognitive tasks as well as during control of stomatognathic system, enable to separate specific relations between chewing system and cognitive functions [21] [22] [23] . On the basis of that general conclusion, as a principle, chewing helps to enhance different perception and motor functions, attention, executive or memory function, although not all of them (e.g., it weakens average reaction time), regardless of teeth condition (e.g., dental curve shortened by molar teeth bears the relations observed).
PSYCHO-NEUROPHYSIOLOGICAL MECHANISMS IN CHEWING ORGANS DISORDERS
Emotions constitute an essential etiological factor of functional disorders of chewing organ, with muscle component dominance understood as psychosomatic disorders: " (…) in the course of which psychic factors play an essential role in appearance of symptoms of illnesses, their increase and end" [24] . Empirical research devoted to those disorders investigates them, first and foremost, as a consequence of psychological stress experienced [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Mediating role is played in this case by reticular formation, which activated by structures of brain stem, stimulates so called "γ wave". Cell bodies of γ are to be found in front corners of spinal cord through fibers reaching sensory receptors of muscles-neuromuscular spindles, regulating volatility of the latter ones [36, 37] . That is why evoking strong emotions results in launching activity of muscles that draw the jaws.
Disorders of natural functions of chewing organ muscles originate from a number of events of both site (e.g., breaking of a tooth, damage of tissue) as well as general ones (virus infection, emotional stress) [38] [39] [40] . Among them, the most commonly discussed in literature are: occlusion, injury, deep pain stimulus, stress, and parafunctions [41] . In majority of cases when these events do not appear widely, phenomenon quickly withdraws, and muscles return to their original functions. Otherwise, muscles react with so called "co-contraction" (contraction) and if prolonging with time, enhances local (biochemical) and global (structural) changes.
Excessive activity of lateral pterygoid muscle having its insertion, among others, within front part of joint disc, results in its pathological dislocation, enhances weakening of joint head and disc coordination during jaw movements, and increases appearance of acoustic symptoms in form of clicks [32] . Further results of muscle tension include damage of hard tissues of teeth in the form of cracks of clinic dental crown enamel and creation of defects or pathological abrasion of teeth. Apart from the above, there are pathological changes in peridontal tissues and uncontrolled bone losses as well as destruction of temporomandibular joint structures, strain, and development of chewing muscles. This in turn does not remain without any influence on certain cognitive functions coordinated by certain brain structures [42] . Mediating function in this case is fulfilled by brain-derived neurotrophic factor (BDNF) as well as its receptor, TrkB, dysfunctions within chewing organ enhancing lowering of progenitor cells level (kind of stem cell used for regeneration process) and functional neurons as a result of action of BDNF tracts removal from adjustment [43] . All the above-named changes are often accompanied by chronic pain, which itself is full of negative emotions, enhancing weakening of cognitive functioning strengthens psycho-neurophysiological mechanisms [44, 45] .
INFLUENCE OF CHRONIC PAIN ON CHANGES IN COGNITIVE FUNCTIONING
The effect of preserved muscle injury and further changes in muscle tissues is developed due to constant pain. When it lasts longer than 3 months or remains unchanged despite removing the reason of its occurrence, diagnosis of chronic pain can be evaluated. As such, the experience of pain has an impact on central nervous system enhancing further muscle and brain reactions. Although nervous system can adapt its functions and start compensation processes, it is not, however, able to repair the dysfunction created. Chronic pain lowers cognitive functioning of patients mainly in the scope of attention, psychomotor fitness, memory but also executive functions [46, 47] . Diagnostic image research carried out both on people and animal (rats) proved neuroanatomical changes as a result of untreated, chronic pain comprising the volume of grey matter, integrity of white cortex, and epigenetic changes in central nervous system [48] [49] [50] [51] , observed also in case of myofascial pain in temporomandibular disorders [52, 53] . What is interesting, they also appear in case of phantom pain after amputation or spinal cord injury, confirming chronic experience of pain, even partially [54, 55] .
These changes are not placed by accident, which can be seen from empirical reports devoted to pain of different systems; however, they appear in defined, functionally specific neuroanatomical regions, engaged in nociceptive processing of pain through supraspinal canal. They concentrate mainly around cingulate cortex, prefrontal cortex, insular cortex, and dorsal part of pons. Further structures include thalamus, prefrontal cortex, basal ganglia, and hippocampus. Observed neuroanatomical changes in those fields are reflected in cognitive functioning of patients [56] [57] [58] [59] .
Research shows that observed structural changes within central nervous system can be, at least partially, reversible [60] [61] [62] [63] [64] [65] , whereas these processes may last even for few years. Some reports suggest that under the influence of standardization of neuroanatomical processes being the effect of pain termination, psychophysical functioning of patients improves [66] .
OBJECTIVE
The aim of our study was to observe possible changes in cognitive functioning of patients with pain in the course of functional disorders of chewing organ with majority of muscle component, treated with the use of occlusal guards, and simultaneously provided with physiotherapeutic and psycho-educational impact.
MATERIAL AND METHODS
The study described in the article was a part of bigger research project. The analysis included the results of twenty-three patients from the treatment group, aged 20 to 75 years (M = 35.39; SD = 11.03), 14 women and 9 men, and twenty-two subjects from the control group aged 24-53 years (M = 35.06; SD = 9.49), consisted of 13 women and 9 men. The subjects were recruited from a group of patients diagnosed with a painful form of muscle-related functional masticatory organ disorders, who arrived at the clinic for the first time with the purpose of diagnosis and treatment. The exclusion criteria included patients' will and the general diseases that prevented planned test procedures. Financial compensation for participation in the study was not provided; however, the patients had an opportunity to attend five psychoeducational meetings with a psychologist aimed at increasing awareness of a psychogenic factor in functional masticatory organ disorders and better coping with stress by learning techniques to reduce the level of perceived psychophysical tension. The research was longitudinal type and was conducted with the use of psychological questionnaires measuring current and/or previous experience of pain as well as quality of life among patients with temporomandibular joint disorders, in addition to psychological tests of paper-and-pencil type and computer clinical trials involving tasks that measure specific cognitive functions.
Test battery consisted of: • Demographic survey -designed by the author to gather basic socio-demographic data, as well as information about some of the variables controlled in the study, including duration of pain experience, previous treatment, pharmacological background (drugs used, doses etc.).
• Visual Analogue Scale (VAS) -a 100 mm straight line with a clearly marked beginning (no pain) and end (unbearable pain). Each participant was asked to mark a point on the scale corresponding to the experienced severity of pain. Intelligence Scale (WAIS-R(PL)), in which the subject is required to repeat 3-9 digits forward and then 2-9 digits backward. This subscale measures working memory, attention and concentration.
• Color Trail Test (CTT): this test consists of two parts, A and B. It requires an immediate recognition of symbolic meaning of numbers and letters as well as an ability to repeatedly eye-search the entire worksheet in order to find the following number or letter under time pressure; • Verbal Fluency Test: each person is supposed to generate words beginning with an indicated letter for a period of 1.5 minutes, and then to generate words belonging to a category indicated by the researcher for the next 1.5 minutes; • Wisconsin Card Sorting Test (WCST) (computer version) -the subject is presented with 4 sample cards and must then organise up to 128 cards according to a given rule (colour, number or shape). This tool is frequently used to measure aspects of cognitive control.
• Go-No Go clinical trial (computer version) -the subject is asked to react by pushing a button when a specified letter (e.g. p) is presented on the screen and not to react if another letter (e.g. r) is presented.
In the second part of the trial, the person is asked to react when they see r and not when they see p. This is a commonly used measure of cognitive control. Battery of tests was taken twice by each participant (for both experimental and control group), before and after the treatment (in 3-month time). The order in which the tools are listed corresponds to the order in which they were used. The results of the pain evaluation sheet were not included in this article.
STATISTICAL ANALYSIS
The investigation included intragroup and intergroup comparisons. Intragroup comparisons concerning the treatment group were carried out using the dependent (paired) samples t-test. Following this plan, the differences in the intensity of pain, auditory verbal learning, attention and perceptiveness, short and working memory, continuity of attention and alternating attention, and verbal fluency were analyzed. Analyses concerning comparison of the treatment group and the control group in terms of differences between the first and the second measurements were performed using a repeated measures analysis of variance in the mixed-effects model, taking into account being in the treatment group or control group as the between-subject factor. This type of analysis was carried out for the results of Go/No go trials and the Wisconsin Card Sorting Test.
RESULTS
INTRAGROUP COMPARISONS
THE INTENSITY OF PAIN
The mean value of the results on the VAS scale obtained in the treatment group in the first measurement was 4.76 (SD = 2.66) and was higher than the mean value obtained in the second measurement, which was 2.41 (SD = 0.43) (Figure 1 ). Based on the value of dependent samples t-test, it was found that the obtained difference was statistically significant, t(22) = 7.64, p < 0.001.
AUDITORY VERBAL LEARNING
Statistically significant differences were observed between the mean values of the auditory verbal learning test results obtained in the treatment group in the first and the second measurements (Table 1) . Two-sided dependent samples t-test was included. The mean values of the results of the auditory verbal learning test obtained in the treatment group in the first measurement and the second measurement with the test of statistical significance was added to the summary.
Results of analyses allow to claim that the mean values of the outcome occurred in the first trial, and the fourth trial were higher in the second measurement than in the first measurement. 
ATTENTION AND PERCEPTIVENESS
Further analyses based on two-sided dependent samples t-test showed statistically significant differences between the mean values of the results of the attention and perceptiveness test obtained in the treatment group in the first and the second measurements. What is worth noting, the significant effect concerned number of proper answers only (t = -2.57, df = 20; p = 0.018) and did not concern the total number of responses (t = -1.62, df = 20; p = 0.122). The mean value obtained in the second measurement was higher than the mean value obtained in the first measurement (Figure 2 ).
VERBAL FLUENCY, CONTINUITY OF ATTENTION, AND ALTERNATING
ATTENTION
Analyses using two-sided dependent samples t-test did not indicate statistically significant differences between mean values of the results obtained in the treatment group in the first measurement and the second measurement for verbal fluency. The effect included both semantic and lexical verbal fluency at all stages of the measurement (after 30 sec., after 60 sec. and after 
IMMEDIATE AND WORKING MEMORY
The mean values of the results of the digit span task obtained in the treatment group in the first measurement and the second measurement turned out to be statistically significant (t = -6.87, df = 14; p = 0.001 for words given forwards, and t = -2,74, df = 15; p = 0.015 for words given back wards). In both cases, the mean values of the results ob tained in the second measurement were higher than the mean values obtained in the first measurement ( Figure 3 ).
INTERGROUP COMPARISONS AND DIFFERENCES BETWEEN THE FIRST AND THE SECOND MEASUREMENT
REACTION TIME
The within-subjects effects test conducted in the analysis of variance indicated statistically significant differences for the number of errors between the mean values of the results of go/ no-go trials obtained in the first and the second measurement in the whole surveyed sample: F = 17.71, df = 1.41; p = 0.001. The mean value obtained in the second measurement was higher than the mean value obtained in the first measurement. However, no interactive effects between the treatment group and the control group, and the differences between the first and the second measurements both for correct answers (F = 1.36, df = 1.41; p = 0.250) and number of errors (F = 0.10, df = 1.41; p = 0.755) were found. Table 2 shows the mean values of the results of the Wisconsin card sorting test obtained in the first and the second measurements in the whole surveyed sample (research group and control group analyzed overall). The test of statistical significance of within-subjects effects conducted in the analysis of variance was added to the summary.
EXECUTIVE FUNCTIONS
Statistically significant difference between the first measurement and the second measurement was observed for the number of correct responses, errors, perseverative errors, trials to complete the first category, and conceptual level responses. The mean values obtained for the number of correct responses and conceptual level responses were higher in the first measurement than in the second measurement, while the mean values obtained for the number of errors, perseverative errors, and trials to complete the first category were higher in the second measurement than in the first measurement.
The test of interactive effects between the treatment or control group and difference between the first and the second measurement for values of the results of the Wisconsin card sorting test (Table 3) indicated statistically significant interactive effects for categories achieved, total number correct, and trials to complete the first category. Figure 4 shows the mean values of the number of categories achieved in the first and the second measurement in the treatment and control groups. Paired Figure 5 shows the mean values of the number of correct responses in total in the first and the second measurements in the treatment group and control group. Paired comparisons carried out for the values obtained in the first measurement and the second measurement separately in the treatment group, and the control group allow to conclude that the mean value of categories achieved in the treatment group was higher in the second measurement than in the first measurement: t(21) = -4.59, p < 0.001, while there was no statistically significant difference between the mean values obtained in the first and the second measurements in the control group: t(19) = -1.32, p > 0.05. Figure 6 shows the mean values of the number of trials to complete the first category in the first and the second measurements in the treatment group and control group. Paired comparisons carried out for the values obtained in the first measurement and the second measurement separately in the treatment group and the control group allow to conclude that the mean value of categories achieved in the treatment group was lower in the second measurement than in the first measurement: t(21) = 5.55, p < 0.001, while there was no statistically significant difference between the mean values obtained in the first and the second measurements in the control group: t(19) = -0.27, p > 0.05.
DISCUSSION
After a few weeks of complex therapy including the use of occlusal guards with accompanying impact of manual physiotherapy and psycho-education clear, the reduction of pain has been achieved. This confirms empirical reports' results published earlier, indicating effectiveness and justifiability of such a form of therapy during the first phase of treatment [67, 68] . Presence of guards leads to an increase in vertical dimension, relieving temporomandibular joints, and a decrease in excessive activity of chewing muscles and front temporal muscles, the effect of equal division of occlusive power [69] . Physiotherapy focuses on improvement of jaw movement, improvement of chewing muscles movement, and eliminating joints' pain [70] . Psychological impact should strongly concentrate on this phase, among others, on improvement of coping with psychological stress accompanying chewing organ disorders, change of thinking habits and behavior used to reduce pain [71] [72] [73] [74] [75] . Psychologically, rewarding meaning of reduction of pain is important being the effect of initial phase of treatment but also neurophysiological, connected with protection of central nervous system [76] [77] [78] . Results of a research suggests that changes in word fluency in a research group seem to be rather permanent; despite of clear weakening of pain, no substantial improvement in carrying out tasks was noted focusing on assessment of this cognitive function [7] . Slight increase in the number of words observed was not achieved; however, essential statistical level in re-test is probably connected with the effect of learning [79, 80] . It can be assumed that more definite tendency in the scope of results improvement could be observed in a longer period of time. Consistent lack of improvement in the scope of word fluency in the observed group of patients can result from the fact of complex possibilities, which is reflected in observed results in possibility of word fluency such as executive functions and operative memory, lexical sources of long-term memory as well as connected with lack of functional and structural disorders within temporal and frontal lobe's structure of brain [79, [81] [82] [83] [84] [85] [86] . Simultaneously, possible improvement of performance requires parallel improvement in other fields of cognitive functioning that may have not been included in our study.
Monitoring of continuity and transfer of attention with the use of the points matching test did not allow to observe essential effects in analyzed group of patients. Previous article [43] included possible limits, tools, and characteristic features of research group of patients, which could contribute to such a result to a great extent. Use of alternative diagnostic methods could bring further solutions concerning this matter [87, 88] .
What should be noticed, however, is that essential differences were found between attentive functioning of patients before treatment and after few weeks of therapy measured with the use of attention and perception test. What is interesting, such a result was observed despite of lack of differences in this field of cognitive functioning, which would be observed as a comparison of patients experiencing pain due to chewing organ disorder as well as those who in the course of this illness did not experience pain [44] . The difference observed was expressed in the increase in number of correct answers resulting from a few weeks of therapeutic process; it indicated that lack of pain experienced enhances improvement of attention selectiveness that is ability to choose proper stimulus from general stimuli having an impact on a human being at a given moment. This is the effect that seems to be vital in the context of the whole therapeutic process; it can be expected that together with progress of prosthetic treatment, the patient will present greater ability to process information concerning own illness and treatment, to ignore the thoughts, which are unfavorable for patient's mood as well as pain having every day impact and more effective maintenance of health-promoting actions. Therefore, it seems that this is a good moment to implement education and psycho-education of patients. It is worth noticing that comparison of patients' results in therapeutic process, whose reduction of pain perceived was achieved, managed to get slight better results on average (M = 11.43; SD = 3.68) than patients without pain (M = 9.91, SD = 2.65) [44] . It is possible that constant difficulties associated with processing as compared to context of constant impact of pain stimulus on a longer basis, enhances the increase in processing efficiency in case when pain stimulus has been eliminated [89] . Eventually, it must be noted that this effect did not have a reverse influence on improvement of the speed of information processing but only on its accuracy. Meanwhile, what is interesting, it is the first parameter described that is usually substantially lowered in case of chronic pain [90, 91] . It can be assumed that time perspective without pain could turn out to be too short to observe changes in this scope.
Functioning of patients in the digit span test focusing on description of short-term memory as well as auditory and verbal operative memory improved as compared to starting of treatment [44] . This result suggests that reduction of pain enables fast mental processing of material used for more effective storing of small portions of information in memory and its current processing. Clear improvement of cognitive functioning in these cognitive fields as well as relatively good volume of short-term attention of patients before starting of treatment suggest rather attentive and executive basis of difficulties observed. This effect should be noticed in patients' ability to remember, react to information received during conversation, matching new information with the one already possessed, and maintaining information, also in case when it attracts attention to something else. As memory functions are engaged in a number of everyday tasks (mental counting, speaking, remembering phone number, etc.), an improvement in this field is relatively fast perceived by patient and his/her company.
Process of learning of new material became more efficient. Comparison of performance in auditory and verbal test before and after prosthetic treatment has been implemented with the use of occlusive guards [45] , allowed to observe substantial improvement in the number of words recollected by patients on first and fourth revision of acquired information. Therefore, it must be accepted that elimination of pain was connected with essential improvement of quality in gaining information on further stages in the process of learning. This remains coherent with test results by Sanchez [89] , where low level of pain, not influencing current processing of information, had an impact on ability to reproduce the information. It must be underlined that in case of changes concerning learning processes being the effect of pain reduction, we assume certain clear, although statistically irrelevant tendency, which became visible during the fifth stage of material revision. Results achieved deliver further arguments in favor of attention or relatively executive basis for the observed difficulties among patients in this group.
Clear decrease in the number of mistakes made during go/no-go trials indicate that the ability to inhibit the reaction as a proof for greater control over own behavior has improved together with a decrease in pain intensity. Simultaneously it may be concluded that under the influence of myofascial pain, patients are susceptible to make impulsive mistakes and perform aimless reactions. It means that together with the progress of treatment, patients gained greater self-control that allowed for more organized and unrestricted character of their actions on various levels of their psychological organization, starting from visual and perception phenomena, through notion-cognitive processes and emotional reactions, with motor actions to finish [92] . It is worth underlining that before starting the treatment, the ability to inhibit reaction was comparable in the group of patients with chewing organs disorders who experienced pain, with those who did not have this kind of experience [44] , what suggest that the effect observed cannot be explained only by pain reduction. It is a result of other complex therapeutic interventions.
Further changes in the scope of executive functions, so called "supervisory", controlling and managing cognitive activity of a human, were proved by results achieved with the use of Wisconsin cards sorting test. Under the influence of learning process, distinct improvement in the scope of number and correctness of problem tasks solving was observed as well as a decrease in the number of trials carried out necessary to solve problem task. Certainly, the influence of improvement in other fields of cognitive functioning described above on the quality of tasks performed cannot be omitted, including ability to store the purpose of the task in memory, maintain attention that enables following the task and seeing the difference in cards, or improvement in possibility to learn. Nevertheless, the results achieved confirm sensitivity of executive functioning to changes in chronic experiencing of pain.
CONCLUSIONS
Summing up all the results discussed above, the attention must be paid to the fact that even few weeks of complex pain therapy in temporomandibular disorders, resulting in a reduction of pain intensity, enabled to observe systematic differences in cognitive functioning in the group of patients as compared with the patients' status at the beginning of therapy. Improvement in cognitive functioning observed comprised memory-related processes, including the scope of auditory and verbal learning of new information, direct auditory memory, auditory and verbal operative memory, perception and attention processes (accuracy) as well as executive processes in the form of ability to inhibit unwanted reactions and ability to solve problem tasks. Analysis of results achieved, pursuant to initial cognitive functioning of this group of patients, allows to draw a conclusion concerning key meaning of neurophysiological changes in frontal fields of brain for the observed changes in cognitive and behavioral functioning in the group observed. These results are coherent with earlier empirical reports indicating changes in activity within dorsolateral prefrontal cortex (DLPFC) and prefrontal cortex (FPC) [92] . Results observed are coherent with research carried out on pain groups stated within other systems, suggesting at least partial reversibility of processes observed, that is the effect of neuroplasticity of brain structures. It seems that the structures mentioned above can initiate reconstruction processes in this scope.
Awareness of changes progressing in cognitive functioning of patients with painful form of chewing organ disorder seems important not only in the context of general well-being of patient, but also essential in the course of further stages of learning process. Control over basic aspects of cognitive functioning of patients may influence strengthening of positive attitude towards learning process and as a result, further stages of learning. Results attract attention to the fact that monitoring of psychological functioning of patients with chewing organ disorders may not be exclusively limited to emotional aspects.
Relatively small group of subjects and rather short time of observation of patients enhance some caution while generalizing the results. Further research should aim at replication of results on a greater group of patients, taking into consideration the dynamics of phenomena observed in a longer time as well as the attempt to estimate the value of different aspects of psychological functioning of patients and various therapeutic impacts in the context of observable somatic changes.
